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D3:2001-234239 
[Title of the invention] 

MANUFACTURING METHOD OF ULTRA FINE FERRITE STRUCTURE STEEL 
[Abstract] 

[Purpose] To easily provide an ultra fine ferrite structure steel with ferrite crystal grain 
size of 0.7 jam or smaller. 

[Constitution] The manufacturing method involves multi-pass rolling in 50% or more total 
rolling process in a temperature range of 570°C or lower in which the ferrite is not 
recyrstallized and then rolling in a temperature range higher than the former in which the 
ferrite is dynamically recrystallized in final two-pass or less rolling. 

What is claimed is: 

1. A manufacturing method of an ultra fine ferrite structure steel involving multi-pass 
rolling in 50% or more total rolling process in a temperature range wherein the ferrite is 
not recyrstallized and then rolling in a temperature range wherein the ferrite is 
dynamically recrystallized in two-pass or less rolling. 

2. A manufacturing method of an ultra fine ferrite structure steel involving heating a 
steel to 900°C or higher, multi-pass rolling the heated steel at a temperature higher than 
Arl point at 30% or higher, and then carrying out the rolling as described in claim 1. 

3. The manufacturing method of an ultra fine ferrite structure steel according to claim 1 
or 2, wherein rolling accompanied with deformation of the cross section of a specimen 
being subjected to the rolling other than similar form deformation is carried out by using 
a grooved type multi-pass rolling mill. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The invention of this application relates to a steel 
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product, more particularly a manufacturing method of a steel with a high strength, a high 
toughness, and excellent weldability and having mainly a refined ferrite structure with a 
crystal grain size of 0.7 jxm or smaller. 
[0002] 



well that to make the ferrite crystal grain size fine in a low carbon steel is effective to 
improve the strength and the toughness of a steel. 

[0003] Further, it has been known also well that it is required to make the ferrite crystal 
grain size 0.7 jjjn or smaller in order to increase the strength of the steel two times or 
higher. However, it has conventionally been very difficult to obtain a ferrite crystal grain 
bulk material composed of ultra fine crystal grains with 0.7 jjxn or smaller size. 
[0004] In view of the above-mentioned state, improvement methods for making the 
ferrite grain size fine have been proposed. For example, there are proposed the following 
methods: mechanical milling methods involving forcibly processing a powder by putting 
steel balls and a raw material steel powder in a rotating pot and solidifying and forming 
the resulting powder as described in J. Japan Inst.Metals, vol. 57, no. 3, p.254 (1993) and 
in CAMP-ISTJ, vol. 11, p. 1035 (1998); an accumulative roll bonding (ARB) method 
involving rolling a steel, cutting into halves; layering them; rolling the layered body; and 
repeating these steps; and EC AP method involving intentionally introducing shearing 
stress by passing a steel in an L-shape die and thereby making the structure fine as 
described in METALLURJIC AL AND MATERIALS TRANS ACTIONS A, vol. 29, p. 
2237 (1998). 

[0005] However, there are problems that these techniques take a long time to 
manufacture steels or they are difficult for mass production to make the techniques 
difficult to be adopted in industrial scale. 

[0006] Accordingly, the aim of the invention of the application is to solve the 
above-mentioned problems of the conventional methods as described above and to provide 



[Background Art and its Problems to be Solved] 



Conventionally, it has been known 



27 




an innovative manufacturing method of a steel material containing ultra fine ferrite grains 
with 0.7 jim or smaller size in the entire steel body and excellent in strength and toughness 
as well as weldability. 
[0007] 

[Means for Solving the Problems] The invention at first provides a manufacturing 
method of an ultra fine ferrite structure steel involving multi-pass rolling in 50% or more 
total rolling process in a temperature range wherein the ferrite is not recyrstallized and 
then rolling in a temperature range wherein the ferrite is dynamically recrystallized in 
two-pass or less rolling, as means for solving the problems. 

[0008] Further, the invention secondarily provides a manufacturing method of an ultra 
fine ferrite structure steel involving heating a steel to 900° C or higher, multi-pass rolling 
the heated steel at a temperature higher than Arl point at 30% or higher, and then 
carrying out the rolling in 50% or more total rolling process in a temperature range 
wherein the ferrite is not recyrstallized and then rolling in a temperature range wherein 
the ferrite is dynamically recrystallized in final two-pass or less rolling. 
[0009] The invention thirdly provides a manufacturing method of an ultra fine ferrite 
structure steel involving rolling accompanied with deformation of the cross section of a 
specimen being subjected to the rolling other than similar form deformation is carried out 
by using a grooved type multi-pass rolling mill. 
[0010] 

[Embodiments of the Invention] The invention has the above-mentioned characteristics 
and hereinafter embodiments of the invention will be described more in detail. 
[0011] At first, in the first method of the invention, a steel material is multi-pass rolled 
in 50% or higher in a temperature range in which the ferrite is not recrystallized. Next, 
the steel material is heated to a temperature range in which the ferrite is dynamically 
recrystallized and rolled by one or two pass rolling to carry out dynamic recrystallization. 
Owing to the involvement of these steps, a steel material having ultra fine ferrite structure 
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of refined ferrite with a grain size of 0.7 jjxn or smaller in the entire body can be obtained. 
[0012] The reason for carrying out the multi-pass rolling in 50% or higher in a 
temperature range in which the ferrite is not recrystallized is for producing seeds of nuclei 
needed for dynamic recrystallization in the following step. Production of many seeds of 
the nuclei for recrystallization in this stage makes it possible to make the final ferrite grain 
size finer. In the case recrystallization is caused in this multi-pass rolling step, the 
obtained ferrite crystal grain size tends to be uneven. 

[0013] Therefore, it is indispensable to carry out rolling in a temperature of 570° C or 
lower range in which the ferrite is not recrystallized in the multi-pass roll as a prior step. 
The heating temperature range is more preferably 500 to 570°C. The ratio of the 
multi-pass rolling is controlled to be 50% or higher and more preferably 85% or higher. 
[0014] In the invention, as a posterior step, the reason for heating the processed 
structure to a temperature range in which the ferrite is dynamically recrystallized and 
rolling the steel material by one or two pass rolling to carry out dynamic recrystallization 
of the structure is for causing recrystallization using the above-mentioned recrystallization 
nuclei at once by one or two-pass rolling and thereby producing ultra fine ferrite crystal 
grain structure. 

[0015] In this case, it is required to heat the steel material to a high temperature as 
quickly as possible for final one or two-pass rolling. Therefore, a heating method such as 
high frequency induction heating or the like may be employed or the processing heat 
generation caused in the rolling step can be used and the method of using processing heat 
may be used, and it is simple and efficient to use processing heat generation in the final 
one to two-pass rolling. The reason for that is because higher processing heat generation 
is caused by increasing the practical reduction ratio by the final one to two-pass rolling 
more than other pass-rolling and thus dynamic recrystallization can be carried out. 
[0016] The dynamic recrystallization temperature of ferrite differs depending on the 
components, processing extent, and straining speed, in the state that the nuclei for 
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dynamic recrystallization are made ready, a preferable temperature range may be 550° C 
to Ae. 

[0017] The rolling in the dynamic recrystallization temperature range of the ferrite is 
determined to be one or two-pass in the posterior step and it is because the structure tends 
to be composed of uneven crystal grains if the rolling is more than two-pass rolling. The 
reduction ratio of the one or two-pass rolling is not particularly limited. 
[0018] In the method of the first invention as described above, it is more preferable as 
the crystal grain size of the starting steel material is finer. Therefore, it is effective to 
previously heat the starting steel material to 900° C or higher for austenitizing the 
structure and then carry out the multi-pass rolling at 30% or higher in a temperature 
range as high as Arl point or higher. Processing at Arl point or higher gives a fine ferrite 
structure by transformation during cooling carried out later. 

[0019] In the case of processing at not more than 30%, the effect to make the structure 
fine after transformation is not so significant. In the invention, grooved type rolling may 
be employed for the above-mentioned rolling. Particularly in this case, the structure of a 
bar material to be obtained finally can be more equiaxed by improving the groove shape. 
At that time, is it made possible to make the structures of not only in an L-cross section 
but also in T-cross section equiaxed by carrying out rolling in a manner that the 
deformation other than similar deformation of the cross sectional shape of the specimen 
under rolling is caused by, for example, successively passing the steel material through 
passes with different grooves shapes such as rectangular and triangular shapes or 
inserting the specimen into a rolling mill while rotating the specimen in the case the groove 
shapes are similar. That "the deformation other than similar deformation of the cross 
sectional shape of the specimen under rolling is caused by inserting the specimen into a 
rolling mill while rotating the specimen in the case the groove shapes are similar" means, 
for example, the processing state that in the case a specimen having a square cross section 
is to be passed though a square groove, if the corners of the specimen are adjusted at the 
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centers of the respective sides of the groove, the cross section of the specimen once 
becomes octahedral during the rolling and finally becomes square and it is different from 
the case that if the corners of the specimen are adjusted at the respective corners of the 
groove, the specimen is compressively deformed with a shape similar to that before. 
"T-cross section." is a cross section formed by cutting a bar transversely to the 
longitudinal direction and "L-cross section." is a cross section formed by cutting laterally. 
[0020] Cooling after cold processing in the invention is not particularly limited, however 
cooling at a cooling speed as relatively high as 10°C/s or higher is desirable in terms of 
prevention of coarsening of ferrite grains. 

[0021] With respect to the types of steel materials in the invention are not particularly 
limited and those having the following composition (% by weight) are preferable examples 
to be employed. 

[0022] Steel materials containing 

C 0.25 or less, 

Si 0.10 to 1.00, 

Mn 0.50 to 2.00, 

P 0.08 or less, 

S 0.010 or less, 

N 0.010 or less, 

Al 0.050 or less, 

and balance Fe 

and it is no need to say that the steel materials may contain inevitable impurities from the 
raw materials and manufacturing process. 

[0023] Hereinafter, the invention will be readily made apparent along with Examples. 
[0024] 

[Examples] <Example 1> A steel material having a chemical composition containing 

CI 0.15. St 0.28, Mn 1.45, P/ 0.005, S/ 0.0004, AV 0.031, N/ 0.0016, and Fe/ balance, having a 
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size of 115<J> x 500 mm, and containing austenite at least before processing was heated to 
900°C for 1 hour; 9 pass-rolled by grooved rolls at 46% at 700 to 750°C, which is in the 
austenite range; 20 pass-rolled by grooved rolls at 90% at 570 to 600°C, which is the ferrite 
range; and thereafter, 2 pass rolled by forcible grooved rolls (cross section reduction ratio 
50%) at 610°C rolling temperature by processing heat generation and then cooled with 
water. Accordingly a sample steel material Al was obtained. 

[0025] Although the structure was ferrite structure immediately before the final 2 pass 
rolling or during the processing, the dynamic recrystallization took place by the final 2 
pass rolling to convert the structure to be an ultra fine ferrite structure of ferrite crystal 
grains (crystal grain size of 0.7 |im or smaller). The obtained steel material Al had a 
hardness of 240 (Hv). Fig. 1 is an electron microscopic photograph showing the 
structure. 

<Example 2> A sample steel material A2 was obtained in the same manner as Example 
1, except that no rolling was carried out in the austenite range but 20 pass-rolling by 
grooved rolls at 95% at 570 to 550°C, which is the ferrite range; and thereafter, 2 pass 
rolling by forcible grooved rolls (cross section reduction ratio 60%) at 620°C rolling 
temperature and then water cooling was carried out. 

[0026] The obtained steel material had a ferrite grain size of 0.7 jam or smaller and a 
hardness of 230 (Hv). 

<Comparative Example 1> For comparison, sample steel material B was obtained 

in the same manner as Example 1, except that further 2 pass-rolling by grooved rolls at 

610° C (cross section reduction ratio 32%) was carried out after the final 2 pass rolling by 

grooved rolls (50%) at 610°C and then water cooling was carried out. 

[0027] The obtained steel material B had an average ferrite grain size of 1.8 jam and the 

structure was as shown in Fig. 2. The hardness of the steel material B was 180 (Hv). 

[0028] 

[Effects of the invention] As described in detail, according to the invention, a steel having 
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an ultra fine ferrite structure of ferrite crystal grains with a crystal grain size of 0.7 |im or 
smaller can easily be manufactured by rolling at controlled temperature. 
[Brief description of the drawing] 

[Fig. 1] An electron microscopic photograph showing the structure of the steel material 
Al of Example 1. 

[Fig. 2] An electron microscopic photograph showing the structure of the steel material 
B of Comparative Example 1. 

[Fig. 3] An electron microscopic photograph showing the structure of the steel material 
C of Comparative Example 2. 
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